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A System and Method for 
High Throughput Sample Preparation and Analysis 
Using Column Chromatography 

5 Technical Keld 

The present invention pertains to a system and method for high 
throughput sample preparation using coliram chromatography, followed by 
analysis of the samples, where the analysis may indude mass spectrometry and 
optical interrogation, such as fluorescence spectrometry, Raman spectroscopy, 

10 and UV absorption. 

Backgroxmd of the Invention 
High-throughput screening (HTS) is a method for the rapid and accurate 
analysis of large numbers of chemical compoxmds for activity against selected 
targets. Typical chemical libraries contain hundreds of thousands to millions of 

15 separate compounds that are screened against a. wide variety of targets. The 
large numbers of compounds that must be routinely screened has led to a 
requirement for new technologies capable of rapid and quantitative analysis. 

Various types of analysis performed on samples are enhanced by first 
preparing the sample. In particular, mass spectrometry is a powerful technique 

20 uniquely suited for many HTS applications. Mass spectrometry allows accurate 
quantification of a compound based on its mass alone, eliminating the need for 
the development of specific spectroscopic assays. The current state-of-the-art 
mass spectrometers using atmospheric pressure ionization (API) interfaces are 
not compatible with samples in solutions that contain high levels of non-volatile 

25 salts or contaminants. Non-volatiles in the sample can cause both suppression 
of flie desired sample signal and can cause the mass spectrometer to fail due to 
btiild-up of precipitates within the ion guide and inlet. Therefore, samples must 
be purified from non-volatile contaminants and desalted prior to analysis. 
Additionally, this must be performed, as discussed above, in a maimer 

30 conducive to high throughput screening. 
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Simunary of tihe Invention 
A system for high throughput sample preparation and analysis using 
column chromatography is presented. The system includes a plurality of ports, 
each port having both a port input ttiat interfaces with a first fluid source and a 

5 port output A fluidic drcuit is coupled to each port output and to a second 
fluid source, ttie fluidic circuit for controlling flmd flow from the plurality of 
ports and tiie second fltrid source. The fluidic drcuit is also coupled to a 
plurality of chromatography columns. An interface to an analyzer is provided 
that receives output from at least one of the plurality of chromatography 

10 columns. A translation stage allows for movement of the plurality of 

chromatography columns relative to the anal]/^er, such that sample output from 
one of the plurality of chromatography columns can be selectively presented to 
the analyzer. 

. In related embodiments of the invention, the system may include a 

15 plurality of syringes, each syringe for aspirating a sample to be analyzed and for 
acting as the first fluid source for one of the plurality of ports. The pliirality of 
syringes may be in fixed positions relative to each other. For example, the 
plurality of syringes can be positioned in a linear array with 9 millimeter 
sparing between each of the syringes. The plurality of syringes may interface 

20 with the plurality of ports in a parallel manner. The plurality of syringes may be 
controlled by a controller, the controller comprising at least one device firom the 
group of devices consisting of a robot, a translational stage, and a computer. 
Each port may indude a compression fitting for interfiadng with one of the 
plurality of syringes. The system may indude a washing station for deaning 

25 the array of S)rringes. 

In other related embodimaats of the invention, the sample to be analyzed 
may be located on a movable surface. The movable surface may be a fiber, 
laminate, web, or belt The first fluid source may indude a plurality of tubes, 
each tube for interfacing witii one of the pliarality of ports. 

30 In still otitier related embodiments of the invention, the fluidic circuit 

indudes a plurality of valves, eadi valve controlling fluid flow from the port 
output of one of the pliarality of ports. A plurality of tee unions are provided. 
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each tee uiuon coupled to one of the plurality of valves and at least one 
chromatography column. A pump pumps fluid from a second fluid source, and 
at least one selection valve selectively couples an output from the pump to at 
least one of ttie plurality of tee unions. At least one of the plurality of valves 
5 may be an actively controlled shutoff valve or a passive check valve. 

In yet other related embodiments of the inventioxv the interface may 
include a plurality of electrospray ionization sprayer tubes for interfacing with a 
mass spectrometer; each electrospray ionization sprayer tube coupled to one of 
the chromatography columns. The plurality of chromatography columns may 
10 be in fixed positions relative to each other, and may be positioned in a fixed 
linear array. 

In another embodiment of the invention, a method for high throughput 
sample preparation and analysis using coliamn chromatography is presented. A 
plvirality of ports is interfaced with a first fluid source, each port having both a 

15 port input coupled to the first fluid soxarce and a port output Fluid flow is 
controlled from each port output and a second fluid soxurce to a plurality of 
chromatography columns. The plurality of chromatography columns is moved 
relative to the analyzer, such that sample output from one of the plurality of 
chromatography columns can be selectively presented to the analyzer. 

20 In related embodiments of the invention, the method may further include 

aspirating samples into a plurality of syringes, and interfacing the plurality of 
syringes with ttie plurality of ports. The syringes maybe controlled using at 
least one device from the group of devices consisting of a robot, a translational* 
stage, and a computer. The syringes may be cleaned at a washing station prior 

25 to aspirating samples. 

In a related embodiment of the invention, the control of fluid flow from 
each port output and a second flioid source to a plurality of chromatography 
columns includes a plurality of valves that regulate fluid flow from flie port 
output of each of the plurality of valves to a plurality of tee valves, each tee 

30 valve being coupled to at least one of the pltarality of chromatography columns. 
Fluid is selectively pumped from the second fluid source to at least one of the 
plurality of tee valves. 
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In yet other related embodiments of the invention, the method further 
includes presenting sample from one of the plurality of chromatography 
columns to a mass spectrometer using an electrospray ionization sprayer tube. 
Undesired components may be blocked from entering the mass spectrometer by 

5 removing the voltage applied to the electrospray ionization sprayer tiibe, orby 
moving the electrospray ionization sprayer tube to a position in which the spray 
is physically blocked from entering the mass spectrometer. 

In stiU other related enibodiments of the invention, the method further 
indudes performing at least one operation from the group of operations 

10 consisting of optical interrogation and mass spectrometry. Optical interrogation 
may include at least one of flouresence spectrometry, Raman spectrometry, and 
UV absorption. Controlling fluid flow may include delivering samples and 
wash from one of the plurality of ports to one of the plurality of 
diromatography coliunns in one substantially continuoxis action. Sample 

15 output may be selectively presented to the analyzer once every specified time 
period. 

Brief Description of the Drawings 
The foregoing features of the invention will be more readily imderstood 
by reference to the following detailed description/taken with reference to the 
20 accompanying drawings, in which: 

Figure 1 is a flow chart depicting a method for high throughput sample 
preparation and analysis in accordance with one embodiment of the invention; 
Fig. 2 is a schematic diagram of a system for high throughput sample 

preparation and analysis in accordance with one embodiment of the invention; 

25 Fig. 3 is a schematic diagram of a system for high throughput sample 

preparation and analysis in accordance with one embodiment of the invention; 

and 

Fig. 4 is a schematic diagram of a translational stage for a bank of 
syringes in accordance with one embodiment of the invention- 

30 
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Detailed Description of Specific Embodiments 
A system and method for. high throughput sample preparation and 
analysis using column chromatography is presented. Referring to the flow chart 
of fig- 1, which shows a mefliod for high throughput sample preparation and 

s analysis in accordance with one embodiment of the invention, a number of 
samples are aspirated into one, or in preferred embodiments, a plurality of. 
S)rringes or tubes, step 41. The syringes or tubes are then interfaced with a 
plurality of port(s), step 42. A fluidic circuit controls fluid flow from both the 
port(s) and a second fluid source, which in preferred embodiments may be • 

10 wash buffer or solvent, to a plurality of chromatography c6lumn(s), step 43.- By 
controlling the fluid flow of samples and/or wash buffer into fl\e 
chromatography column(s), the sample is prepared for analysis. The position of 
the chromatography column(s) is controllable via a translation stage, step 44. . 
This allows the samples to be selectively presented, via an interface^ to ari 

15 analyzer, which may be a mass, spectrometer for example, step 45. The system is 
capable of preparing large number of samples for analysis at a rate compatible 
for high throughput screening. 

Sample preparation iising column chromatography may indude, but is 
not limited to, pttrification and desalting, and can be accomplished using well- 

20 established techniques familiar to those skilled in the art. The columns in the 
array are packed with a non-soluble gel, matrix, polymer, or particles (the 
coliimn packing) with a desired siurf ace cheinistry. A vast number of packing 
chemistries are available and are familiar to those skilled in the art. Colunm 
arrays may be loaded uniformly with a given column packing or different 

25 column packings can be loaded into each member of an array of columns. The 
principle of chromatography relies on the differential affinity of the individual 
components in a complex mixture for the packing material. Typically, a sample 
is loaded onto a coluimi for which it has an affinity. The column is washed with 
a buffer or solvent that dutes the undesired contaminants/salts off of the 

30 column while retaining the sample(s) of interest The purified sample is then 
. eluted off of the column with a second buffer or solvent for which it has a 
higher affinity for than the column packing material. Another type of 
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chromatography relies on separation/purification of components in a complex 
mixture based on the relative size of tiie components. Common forms of 
chromatography that can be performed with this device indude, but are not 
limited to, reversed phase, ion-exchange, iomixmoafiSnity, size-exdusioiv and 
s gel filtration 

In accordance with one embodiment of the invention, fig. 2 is a sdiematic 
diagram of a system 9 for high throughput sample preparation and analysis in 
accordance with one embodiment of the inventioru A plurality of ports 1 
interface with a first fluid source. The first fluid sotarce may include a pltarality 
10 of syringes or tubes (hereinafter referred to as syringes). In various 

embodiments of tihe inventiorv the needles of the array of syringes are coupled 
to the array of chromatography columns 3 through compression fitting in ports 
1 . The compression fitting forms a fluid tight seal arovmd the needles of the 
syringes. 

15 Plurality of ports 1 are coupled to a fluidic circuit which controls fluid 

flow to title chromatography colimms. In various embodiments of the invention, 
the fluidic circuit may indude a valve 2 placed between each port 1 and 
chromatography column 3 in the array. Valve 2 can either be an actively 
controlled shutoff valve or a passive check valve that limits the flow only firom 

20 the ports 1 to the columns 3. The fluidic circuit may also contain a tee xmion 4 
between valve 1 and chromatography columns 3 of the array from which 
elution and wash buffers or solvents can be added to each of the 
chromatography columns 3 in the array from a pumping system 8. A second 
valve(s) 7 controls flow firom the pumping system to a particular 

25 chromatography column(s). Valve(s) 7 may be, for example, a single selection . 
valve or altemativdy, may consist of a plurality of valves, with each valve 7 
controlling flow to one of tiie plurality of chromatography columns 3. 

The duate of each of the columns 3 in the array is channeled into an 
interface 4 for an analyzer. The analyzer may indude, but is not limited to, 

30 optical interrogation and mass spectrometry. Types of optical interrogation that 
may be performed indude fluorescence spectrometry, Raman spedxometry, or 
UV absorption The interface 4 may indude a simple tube attadied to eadi 



6 



wo 03/002226 



PGT/US02/17438 



coltuim 3 SO as to direct the fliiid to the analjrzer, or the interface may be more 
complex. For example, the eluate may be channeled into a thin metal tube 9 
onto which a voltage can be applied for direct atmospheric pressure 
electrospray ionizatic^ for use with a mass spectrometer. 

5 The relative orientation between the interface and analyzer, such as 

between electrospray ionization sprayer 4 and inlet orifice of a mass 
spectrometer 6, can affect the performance of the analyzer. To minimize the 
inter-sample variation that is created by this effect, each column 3 and interface 
4 in the array may be arranged and fixed into place in a linear arrangement and 

10 . the entire array placed on a translation stage. The entire array is then moved 
relative to the entrance orifice 6 of the analyzer. In preferred embodiments, a 
constant distance and relative orientation between the interface 4 and the 
anal)rzer inlet orifice 6 is maintained for every sample. Alternatively, the eluate 
from each column 3 in the array could be diverted to a single interface tiirough 

15 the use of a manifold. The manifold may be a potential source of contamination 
. if improperly cleaned between each individual analysis. While it is possible, to 
flush a manifold with solvents and/ or buffers between each individual sample 
analysis for proper cleaning, this procedure typically takes time andlimits the 
maximum rate at which samples can be analyzed. 

20 In accordance with one embodiment of the invention, a number of 

samples is aspirated into one, or in preferred embodiments, a plurality of 
syringes. In a preferred embodiment, the syringes are in a fixed position 
relative to each otiier. The syringes may be positioned in a fixed linear array, 
. such that they can interface with tiie ports in a parallel manner. Additionally, 

25 tiie syringes may be arranged with 9 millimeter spacing so as to facilitate 
transfer from standard 96 or 384 well microtiter plates. 

The samples to be aspirated may be located on a movable surface. In 
various embodiments, the movable surface may be a belt, such as a timing belt, 
or a fiber, as described in U.S. application serial number 09/081,700, entitied 

30 "Apparatus and Method for Ehroplet Microchemistry", which is incorporated 
herein, by reference. The movable surface may be part of a system for high 
throughput processing of droplets/samples, as shown in fig. 3. The system 28 
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may indude, but is not limited to, a movable stirface 21, a laminate 26 applied to 
the movable surface 26, a compound reformatter 22 which may also indude a 
bank of syringes, a reagent addition station 23, an enviroimiental delay chamber 
24, computer control 29, aiui at least one analyzer 25, such as a mass 

5 spectrometer for example. The samples are aspirated off laminate 26 by 

plurality of syringes 203. Syringes 203 are then interfaced to chromatography 
colvunns 3 via ports 1, as shown in fig. 2. 

Ih preferred embodiments of the invention, the s)rringe(s) are controlled 
and accurately positioned in three-dimensional space and ttie plunger(s) of flie 

0 syringe(s) moved with the use of translational stages, robotics, and/or computer 
control. Hg. 4 is a sdiematic diagram of a translational stage 39 that indudes a 
bank of syringes 31, in accordance with one embodiment of the invention. Via 
translational stage 39, the bank of syringes may be moved between various 
stations, which indude, but are not limited to a movable surface 3001 upon* 

5 which samples 3003 can be aspirated, an array of chromatography colimms 
3002, a wash station, or a wash buffer station. Translational stage 39 may 
indude a flexible coupling 32 or linkage that transmits torque to the pltmger 
drive gear 33, allowing the torque source, whidi may be a stepper or servo 
motor, to be remotely mounted. This greatly reduces the mass of syringe bank 

0 assembly 34 when compared to a design that incorporates the motor on-board. 
Consequently, the overall assembly has little inertia rdative to current designs 
and therefore requires less power to accelerate When attached to a positioning 
system. Greater accelerations can also be achieved for a given amount of 
applied force. 

5 In various embodiments of the invention, a rack and pinion gearing 33 

system is used to transform ihe rotary motion supplied to syringe bank 34 by 
the motor and coupling into a linear motion, which would then drive the 
syringe plungers in and out Syringe plxmgears may be driven in combination 
with other plungers or may be driven independently. To combat baddash error 

0 a pair of racks attached to the plunger assenibly 35 may be used. By mounting 
' the rack gear pieces 36 slightly translated in the direction of tfieir length with 
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respect to each other backlash between drive pinion 33 and plunger rack 36 may 
be 'taken up' at assembly time. 

An alternative gearing scheme cotxLd be incorporated such as a worm 
gear driving a threaded rod. Plunger bar 35 would be driven by either threading 

5 the rod through a part of the plunger assembly or rigidly attaching the threaded 
rod to plunger assennbly 65 and threading the rod tiirough the center of the 
worm gear. Either scheme requires mechanically constraining the pltmger 
assembly to vertical translations. A worm gear configuration allows for a higher 
over all gear ratio to be achieved between drive system 33 and plunger 

10 assembly 34. It also has the virtue of being un-back drivable, that is, plunger 
assembly 34 would be self-locking and no torque would be required to hold the . 
plunger assembly 34 in place. 

In other embodiments of the invention, a rotary encoder 38 that is 
controlled externally 37 is attached to the drive gear axis 33 that drives the 

15 plunger assembly 34. By using rotary encoder 38, precise metering of the fluid 
can be achieved as it dispensed from the syringes. 

Translational stage 32 is attached to a positioning system such that bank 
of sjnringes 31 are positioned to aspirate the samples 34 from the moving surface 
or laminate 32. After aspirating the samples 34, the bank of syringes are moved, 

20 for example, such that ttiey interface with the plurality of ports 36, which are 
coupled via the fluidic circuit 38 to the chromatography columns 37. Samples 
34 can then be processed and analyzed. 

In accordance with one embodiment of tiie invention, prior to sample 
aspiration, a large reservoir of wash buffer or solvent is aspirated into the 

25 barrels of the array of syringes. The sample to be analyzed is sep^ated from 
this reservoir with a small plug of air. A volume of sample is drawn into the 
array of syringes such that the sample is limited to the needles of the array of 
syringes. The syringes are then moved and docked into the compression 
fittings of the ports 1 (referring to fig. 2) in the array of columns 3. Each valve 2 

30 is opened and valve(s) 7 for the array of columns 3 is dosed. The entire contents 
of the array of syringes are tiien expressed onto the array of columns 3 by 
simultaneously depressing the plungers of the array of syringes. The samples 
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localized in the needles of the array of syringes are expressed onto the 
chromatography coltimns 3 and the impurities/salts are washed from the 
coltann with the wash buffer in the barrels of the syringes. The column array 3 
is positioned at this time such that the wash buffer from none of the columns 3 
5 is allowed to enter the inlet 6 of the mass spectrometer. After the contents of the 
sjnringes have been expressed valves 2 are closed. The array of syringes is then 
decoupled from the syringe port 1 compression fittings and is sequentially 
washed at a cleaning station, the barrels are'^fiUed with wash buffer or solvent 
and a plug of air and the next..set of samples is aspirated. 
10 To elute the samples off of the array of chromatography columns each 

valve 2 is dosed. At this time the appropriate electrical voltage is applied to the 
metallic positioning jig that causes each of the electrospray needles 4 that make 
up the API mass spectrometry interface to become electrified. The sheath 
and/or shield gases lised by the mass spectrometer interface are also applied. 
15 The column array 3 is moved via anotiier translation stage, such that the first 
column in the array can be sprayed towards the inlet orifice of the mass 
spectrometer. Valve 7 for this single chromatography column within the array 
is selectively opened and elution buffer is selectively delivered to that single 
colvimn in the array 3. The elution buffer causes the desalted and pxirified 
20 sample to be eluted from the selected column and into the inlet 6 of ti\e mass 
spectrometer through the described API interface. The sample(s) within each 
chromatography column wittiin the array 3 are individually analyzed by 
selectively delivering the elutiohbuffer or solvent fi-omi the pumping system 8 
to that column by opening valve 7 for the selected column only while keeping. 
25 the valve dosed for the other columns. The next sample is analyzed by moving 
the column array 3 using the translation stage such that the next column is. 
allowed to spray into the inlet orifice 6 of the mass spectrometer and valve 7 is 
opened to allow for sdeclive delivery of elution biaff er or solvent to that • 
columiL A skimmer 9 is permanently positioned in front of tiie inlet orifice 6 of 
30 the mass spectrometer to ensure that residual spray from columns that have 
already been analyzed is exduded from entering the mass spectrometer. Once 
the samples within each column are analyzed the voltage applied to the metal 
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tubes aiui, if applicable, the sheath and/ot shield gasses of the API interface of 
the mass spectrometer are turned off and the col\amn array 3 is moved to the 
initial position in which none of the columns can spray into the mass 
spectrometer. This stops the spraying of the samples into the mass spectrometer 
5 and protects the instrument from any undesirable contaminants and/ or salts. 

The chromatography columns in the array are ttien deaned by openiiig 
valve(s) 7 and flushing each columns with an excess amount of dution buffer. 
The columns 3 can either be deaned individually in serial or in a paralld 
fashioiu Qeaned colimms are similarly re-equilibrated with wash buffer or 
10 solvent also delivered by the pinnping system 8. At this point the cyde is begun 
again and the next set of samples are delivered to the array of chromatography 
columns 3 from the array of syringes. 

An example in accordance with one embodiment of the invention is 
provided bdow. The example is not intended to limit the scope of the 
15 invention. An enzyme inhibition as^y was performed in a 96 well microtiter 
plate. Eadi well of the 96 wells contained a 10 micrograms of trypsin in 100 
microliters of phosphate buffered saline along with a 10 micromolar peptide 
substrate for that enzyme. Under these conditions, trypsin deaved the peptide 
substrate into two smaller peptides. Before the addition of the substrate, a 
20 different diemical from a previously sdected chemical library was added to 
each of the 96 wells at varying concentrations to determine which compound, if 
any, would inhibit the conversion of substrate to products. The enzyme- 
substrate-inhibitor mixture was incubated in the 96 well microtiter plate for 1 
hour at 37 degrees centigrade jand 10 microliters of methanol was added to 
25 denature the enzyme and stop the reaction- The rdative inhibition in each well 
was quantified by taking a mass spectrum of the reaction mixture and 
comparing the amount of products and substrate. In reactions in which the 
' compound from the diemical library resulted in a high levd of inhibition there 
was a large amoimt of substrate relative to jwoducts, whereas if Uttle or no 
30 inhibition occurred there was a larger amount of pjoducts compared to 
substrate. 
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A Knear array of 12 gas-tight 25 microliter syringes with blunt ended 22 
gauge needles arranged with a 9 millimeter spacing (ta match the wells of the 96 
well microtiter plate) was used as the syringe array- A linear array of 0.7 
millimeter interior diameter by 4 millimeter lenglii columns, also with a 9 
5 millimeter spacing was used as the chromatography column array 3 (see fig. 1). 
A reversed phase colimcm packing material with octadecyl surface chemistry on 
5 micron silica beads- was used for the dhromatography media. A 50 micron 
internal diameter by 12 centimeter long metal tube was attached to the exit end 
of each chromatography column in the array 3 and tised as the interface 4 
10 between the chromatography column and the inlet 6 to the mass sf>ectrometer. 
A 3000 V potential was be applied to all 12 tubes 4 at once by electrification of 
the metallic positioning jig to aUow for electrospray ionization into the inlet 6 of 
the mass spectrometer. 

The syringe arriay was deaned in the syringe cleaning station by 
15 repeatedly aspirating methyl alcohol into syringes. TWenty .inicr ©liters of 10% 
methyl alcohol and a 0;5 microliter air plug was aspirated into the syringes at 
the next station. The syringe bank was then moved over the microtiter plate 
and 1 microUter of the reaction mixture was aspirated into the syringe needle. 
The sample of 1 microliter was localized in the needle of the syringe and was 
20 separated from the 20 microliters of 10% methyl alcohol in the syringe barrel by 
the air plug. The S3nringes array was docked into the chromatography column 
array 3 through the compression fitting in the syringe port 1. The valves 2 
between the syringe ports 1 and the columns in the array 3 were micro-check 
valves that aUow for unidirectional flow from the syringes to the columns 3. A 
25 miniature diaphr am valve 7 was situated between the pumping system and the 
tee at the head of each of the coltimns in the array. These valves 7 blocked fluid 
flow unless actuated by passing a current through them. The barrels of the 
array of syringes were depressed and the samples were loaded onto the 
columns 3. The substrate and products of the reaction adsorbed on to the 
30 column packing material and were retained. The 20 microliters of 10% methyl 
alcohol in the syringe barrel washed the salts (from the phosphate buffered 
saline) and precipitated enzyme through the column and the eluate was 
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collected in a. waste receptade located below the mass spectrometer interface. 
The mass spectrometer was protected from the salts and contaminants since a 
voltage was not applied to the metal tubes 4 and as a result no electrospray 
ionization took place. The syringe array was removed from the compression 

5 fittings and the process cleaning the syringe array and of aspirating the next set 
of samples was begun. 

A 3000 volt voltage was simultaneously applied to all of the 12 metal 
tubes 4 at the exit end of the chromatography columns that make up the mass 
spectrometer interfece. The application of the voltage created a very small 

10 amount of liquid to bef^sprayed out of each tube 4 into the mass spectrometer, 
even without any positive pressure flow of fluid. This flow was comprised only 
of 10% methyl alcohol wash solvent since the samples of interest were still 
bound to the columns. The column array 3 was moved using the tralaslation 
stage such that the first column in the array could be sprayed through, an 

15 opening in a skimmer 9 into the inlet orifice 6 of the mass spectrometer. The 
diaphram valve 7 in ttiis first column of the array was selectively opened with 
the application of a current and 80% methyl alcohol was applied to the colimm 
at a flow rate of 5 microliters per second from the pumping system 8. The check 
valve 2 between the column and the syringe port 1 blocked this flow from 

20 traveling up and out of the syringe port and forced it to travel through the 

chromatography column 3. The 80% methyl alcohol rapidly eluted the samples 
of interest (ie: substrate and/or products) from the column 3 and the samples 
were sprayed into the mass spectrometer inlet 6 through the electrospray 
interface 4. The valve 7 was kept open for 0;5 seconds, which was long enough 

25 for an acceptable mass spectrometer signal to be obtained. After 0.5 seconds the 
valve 7 was shut and flie entire coltimn array 3 was again moved with the 
translation stage such, that the second colimm in the array 3 could spray into flie 
mass spectrometer. The diaphram valve 7 of this second colimm in the array 
• was opened, selectively delivering the 80% methyl alcohol elution solvent to 

30 that coliimiL In this^manner the samples wittiin each of the 12 columns of the 
array 3 were analyzed by the mass spectrometer and the data was stored for 
later analysis. Once the final sample had been analyzed the voltage applied to 
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the metal tubes 4 was terminated and samples were no longer sprayed into the 
inlet 6 of the mass spectrometer. The array of columns 3 was moved to the start 
position with the translation stage such ttiat all of ttie electrospray needles 4 
were excluded from spraying into the mass spectrometer. 

5 To wash the columns in the array 3 all of the diaphram valves 7 were 

opened simultaneously and 80% methyl alcohol was delivered to the entire 
chromatography column array 3 at a flow rate of 20 microliters per second for 3 
seconds. The colimm array 3 was then rfe-equilibrated by delivering 10% methyl 
alcohol for 2-seconds at 20 microliters per second. Total sample analysis time 

10 lasted for 05 seconds per each of the 12 samples for a total of 6 seconds while 
the washing and column regeneration took 5 seconds allowing for an average 
sample analysis time of 1 sample per second. 

The mass spectrometer xased was a triple quadrupole mass spectrometer 
programmed to operate in selective ion monitoring (SIM) mode such that only 

15 the masses of the substrate and the two product peptides were continually 
monitored. Mass spectrometer scans were obtained at the maximum rate of 
instrument performance, which was aroimd 20 milliseconds per scan. A total of 
20 scans were averaged per sample to obtain the final quantification. The low 
overall signal obtained in the scans taken during valve actuation during sample 

20 switching was used as a trigger to begin mass spectrometric analysis of the next 
sample. By taking the ratio of products to substrates for each sample the 
relative amount of inhibition that occurred in each well of the nucrotiter plate 
was determined. 

Altiiough various exemplary embodiments of the invention have been 
25 disclosed, it shoxald be apparent to those skilled in the art that various changes 
and modifications can be made which v/ill achieve some of the advantages of 
the invention without departing from the true scope of the invention. These 
and other obvious modifications are intended to be covered by the appended 
daims. 
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What is daimed is: 

1. A system for hi^ tiiroughput sample preparation and analysis iising 
a)limm chromatography^ the system comprising: 

5 a) apluraHty of ports, each port having both a port input that interfaces 

with a first fluid soiurce and a port output; 
b) a fluidic circuit coupled to each port output and to a second fluid source, 

the fluidic circuit for controlling fluid flow from the plurality of ports and 

the second fluid soiirce; 
10 c) a pluraHty of chromatography columns, each chromatography column . 

coupled to the fluidic circuit; 

d) an interface to an analyzer that receives output jfrom at least one of the 
. plurality of chromatography columns; and 

e) a translation stage that allows for movement of the plurality of 

15 chromatography columns relative to the analyzer, such that sample 

output from one of the plurality of chromatography columns can be 
selectively presented to the analyzer. 

2. A system according to claim 1, further comprising a plurality of syringes, 
20 each syringe for aspirating a sample to be analyzed and for acting as the first 

fluid source for one of the plurality of ports. 

3. A system according to daim 2, wherein the pluraUty of syringes are in fbced^ 
positions relative to each other, 

25 

4. A system according to daim 3, wherein the plurality of syringes are 
positioned in a linear array with 9 millimeter spacing between each of the 
syringes. 

30 5. A system according to daim 3, wherein tiie plurality of syringes interfece 
with tiie plurality of ports in a paralld manner. 
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6. A system according to daim 2, further comprising a controller for controlling 
the plurality of syringes, the controller comprising at least one device from fhe 
group of devices consisting of a robot, a translational stage, and a computer. 

5 7, A system according to daim 2, wherein each port indudes a compression 
fitting for interfacing with one of the plurality of syringes. 

8. A system according to daim 1, further comprising a washing station for 
deaning the array of S3rringes. 

10 

9. A system according to daim 2, wherein the sample to be analyzed is located 
on a movable surface. 

. 10. A system according to daim 9, wherein ttie movable surface is a fiber. 
15 . .. . - . • 

. . 11. A system according to daim 9, wherein the movable surfece is a laminate. 

r 

12. A system according to daim 9, wherein the movable surface is a belt. 

20 13. A system according to daim 1, wherein the first fluid source indudes a 
pliiraKty of tubes, each tube for interfadng with one of the pliaraUty of po^^ 

14. A system according to daim 1, wherein fhe fluidicdrcuitindudies^ . 

a) a plurality of vlalves, eadi valve controlling fluid flow from fhe port 
25 outputof oneof theplmalityof ports; 

b) a plurality of tee unions, each tee tmion coupled to one of the plurality of 
valves and at least one chromatography colimm.; 

c) a piunp for pumping fluid from a second fluid source; and 

d) at least one selection valve for sdectivdy coupling an output from the . 
30 pumptoatleastoneof the plurality of tee unions. 
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15- A system according to daim 14, wherein at least one of the pltirality of 
valves is an actively controlled shutoff valve. 



16. A system according to daim 14, whereia at least one of the plurality of 
S valves is a passive check valve* 

17. A system according to daim 1, wherein the interface indudes a pliirality of 
electrospray ionization sprayer tubes for interfacing with a mass spectrometer, 
each electrospray ionization sprayer tube coupled to one of the chromatography 

10 columns. 

18. A system according to daioa. 1, wherein the plurality of chromatography 
coltimns are in fixed positions relative to each other. . 

15 19. A system according to daim 1, wherein the plurality of chromatography 
columns are positioned in a fixed linear array. 

20. A method for high throughput sample preparation and analysis using ' 
column chromatography, the method comjnising: 

20 a) interfacing a plurality of ports with a first fluid source, each port having 
both a port input coupled to the first fluid source and a port output; 

b) controlling fluid flow from each*port output and a second fluid source to 
a plurality of chromatography columns; and 

c) moving the plurality of diromatography columns rdative to the 
25 analyzer, such that sample output from one of the plurality, of 

chromatography columns can be selectively presented to the analyzer. 

21. The method according to daim 20, further comprising: 
a) aspirating samples into a plurality of syringes, and 

30 ' b) interfadngthe pluraUtyof syringes with the pliiraHty of port^^ 
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22. The method according to claim 21, furtiier comprising controlling the 
syringes using at least one device from the group of devices consisting of a 
robot;, a translational stage, and a computer. 

5 23. The method according to claim 21, further comprising deaning ttie syringes 
at a washing station prior to aspirating samples. 

24. The method according to claim 20 wherein controlling fluid flow from each 
port output and a second fluid source to a plurality of chromatography columns 

10 includes: 

a) controlling a plurality of valves so as to regulate fluid flow from the port 
output of each of the plurality of valves to a plurality of tee valves, each 
tee valve coupled to at least one of the plurality of chromatography 
columns; and ^ 
15 b) selectively pumping fluid from the second fluid source to at least one of 
the plurality of tee valves. 

25. The method according to claim 20, further comprising presenting sample 
from one of the plurality of chromatography columns to a mass spectrometer 

20 using an electrospray ionization sprayer tube. 

26. The method according to daim 25, further comprising blocking tmdesired 
components from entering the mass spectrometer by removing the voltage 
applied to the electrospray ionizatioh sprayer tube; 

25 

27. The method according to daim 25, furttier comprising blocking tmdesired 
components from entering the mass spectrometer by moving the electrospray 
ionization sprayer tube to a position in which the spray is physically blocked 
from entering the mass spectrometer. 

30 
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28. The method according to daim 20, furtiier comprising performing at least 
one operation from the group, of operations consisting of optical interrogation 
and mass spectrometry. 

5 29. The method according to daim 27, wherein optical interrogation indudes at 
least one of flouresence spectrometry, Raman spectrometry, and UV absorption. 

30. The method of daim 20, wherein controlling fluid flow indudes delivering 
samples and wash from one of the plurality of ports to one of the phirality of 

10 diromatography coltimns in one substantially continuous action. 

31. The method according to daim 20, wherein sample output can be selectivdy 
presented to ttie analyzer once every specified time period. 

15 02n9/00104WO 203920.1 
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